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Abstract 
Background: The Taylor Visagraph II is a relatively new device 
designed to evaluate eye movements made during reading. It uses 
goggles with infrared optics to detect the eye movements and 
computer software to determine the number of fixations, 
regressions, and other characteristics of the eye movements. The 
system also calculates several scores including a school grade 
equivalent for the reader. Potential applications include the 
diagnosis of eye movement-related reading problems and the 
assessment of vision therapy results. Goals of the project were to 
assess the operation of the system and to determine the validity and 
reliability of data it produces. 
Methods: Fifty first year optometry students served as subjects. 
Each read 5 standard Taylor Level 10 (College) paragraphs during 
each of two sessions while eye movements were assessed by the 
Visagraph II. 
Results: The Visagraph II operated correctly for 498 of the 500 
trials; operator error caused two malfunctions. Significant 
differences were found between scores from the first paragraph 
read and subsequent paragraphs. Nonlinear relationships were found 
between most of the variables especially those involving grade 
levels and spans of recognition. Session to session comparisons 
produced relatively high split-half correlations. Correlations 
between Optometry Admission Test Reading Comprehension scores 
and all but two Visagraph II scores were not significantly different 
from zero. Also of interest was the wide range of reading eye 
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movement skills; several of the optometry students appeared to have 
skills that placed them at below fourth grade -level. 
Conclusions: The Visagraph II is a potentially useful device for the 
assessment of eye movements made during reading. It performed 
properly over a large number of trials and produced data that seemed 
to be reliable indicators of reading skills. Paragraph to paragraph 
variations in mean scores suggest caution in interpreting small 
changes in performance across paragraphs and the need for at least 
one practice trial before usable data are obtained. Further, an 
understanding of the nonlinear relationships between some of the 
Visagraph II scores can help to prevent misinterpretations or 
inappropriate use of statistical comparisons that assume linearity. 
Key Words: Visagraph II, reading, eye movements, reading disability 
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INTRODUCTION 
The Visagraph II is the latest in a series of eye movement 
monitoring devices made by Taylor Associates.b It uses infrared 
emitters and detectors mounted in safety-type goggles to determine 
eye positions by sensing the differential infrared reflections from 
the cornea, sclera, and other anterior ocular surfaces.1 (Figure 1) 
Analog information about eye positions is converted to digital 
values by the system and these digital values are transferred to an 
IBM PC compatible computer. Software in the computer then 
analyzes the data to determine when certain types of eye movements 
occur. 
Insert Figure 1 About Here 
Commonly, the Visagraph II is used to evaluate eye movements 
made while a subject reads one or more standard paragraphs 
distributed by Taylor Associates.b These paragraphs provide content 
appropriate for readers ranging from primary to adult/college. To 
evaluate a subject's eye movement skills, an age appropriate 
paragraph is read silently while eye movements are analyzed by the 
Visagraph II system. Analysis begins with the development of a 
"idealized' eye movement trace which is constructed by the 
computer software from the often somewhat noisy and variable raw 
data produced by the goggles. This idealized trace has stable 
fixations with abrupt saccadic movement representations which are 
easy for the software to count. The accuracy with which the 
idealized trace represents actual eye movements as opposed to 
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electrical noise, eye blinks, etc. sets limits on the accuracy of 
numeric data provided by the Visagraph II. These numeric data 
include the number of fixations made per 100 ·words, the number of 
right to left regression eye movements, and reading speed in words 
per minute. The system also calculates several derived values 
including the equivalent grade level of the subject's reading eye 
movements based on normative data collected by Taylor and 
colleagues.2 
Reading difficulties can be caused by a number of problems 
including those associated with eye movement control. 3-13 For 
this reason, the ability to accurately and objectively monitor eye 
movements during reading can be of significant diagnostic value in 
the evaluation of selected patients with reading problems. If the 
Visagraph II provides reliable and valid data, it should have 
applications in clinical settings where children with reading 
difficulties are evaluated and treated. 
Project Goals 
This project was designed to evaluate the operation of the 
Visagraph II system and to determine the reliability and validity of 
the data it produced when 50 subjects each read 10 Taylor High 
School/Adult/College level paragraphs. 
SUBJECTS AND PROCEDURES 
Subjects 
Fifty first year optometry students served as subjects; 25 
were males (mean age 27.6 years, SO 4.8) and 25 were females 
(mean age 24.3 years, SO 2.6). None had ever been diagnosed as 
reading disabled or dyslexic, and all read at a level sufficient to 
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have completed college and obtained entry into optometry school. 
Each subject demonstrated at least 6/6 near Snellen equivalent 
acuity at 40 em (with correction if required) and gave informed 
consent for participation in the project. 
Procedures 
The procedures used in this study follow those described in the 
Visagraph II users manual.14 They are also essentially the same as 
those used in a previously published evaluation of the Ober2 Model 
B-1200 system which also uses goggles with infrared optical 
detectors to monitor eye movements.1 5 Following an orientation to 
the Taylor Visagraph II system, the subject was comfortably seated 
40 em from a text holder inclined back at an angle of approximately 
30 degrees from vertical. The text holder was positioned below the 
subject's horizontal line of sight so as to simulate a normal reading 
posture. Goggles were placed over the subject's near correction (if 
any) and adjusted for interpupillary distance by centering the pupils 
through the apertures as the subject viewed a near target. 
Room illumination consisted of a 60 watt incandescent bulb in 
a desk lamp indirectly illuminating the text holder from a distance 
of 1.5 meter. A chin rest was used to stabilize the subject's head 
during reading. (Figure 2) 
Insert Figure 2 About Here 
Reading material consisted of Taylor Level 10 paragraphs 
designed for college students. The paragraphs were each 10 lines 
long, were typed double spaced on bond white paper using 12 point 
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Times bold font (approximately 20/70 near Snellen equivalent), and 
were displayed one at a time in the same order for each subject. 
Paragraph names and reference numbers used for identification are 
shown on Table 1. 
Insert Table 1 (Taylor Paragraph Names) About Here 
Instructions to the subject followed those in the Visagraph II 
manual and Taylor paragraph booklet.14 Each paragraph was read 
silently with no time limit. After reading, the subject answered 10 
standard comprehension questions about the content of the 
paragraph. These questions were presented orally by the examiner. 
The subject then had an approximately 1.0 min. long rest period. 
During this period, the subject did not remove or displace the 
goggles but could lift the chin from the rest and close the eyes if 
desired. To avoid introducing extraneous variables, the goggles were 
not re-positioned between trials. 
Data were obtained in two sessions separated by 3 to 4 weeks; 
the first 5 paragraphs were presented during the initial session and 
the last 5 were presented during the second session. 
RESULTS 
Operation of the Visagraph II 
The Visagraph If produced usable analyses for 498 of the 500 
trials (50 subjects times 10 paragraphs per subject). The two 
analysis failures were caused by operator error and the trials were 
repeated without further problem. This record of successful 
analyses places the Visagraph II in marked contrast to an Ober2 
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Model B-1200 system that failed to complete almost a third of its 
analyses during a similar evaluation.1 5 
Placement of the goggles on the subjects was straight-
forward and the goggles were relatively comfortable to wear 
(although they did leave shallow "dents" in the forehead if their 
elastic straps were tightened too much). The Visagraph II goggles 
are large enough to allow most spectacle frames to be worn 
underneath them, but they lack external trial lens cells. 
Operation of the MS-DOS based Visagraph II computer program 
was straight-forward, and the option windows provided relatively 
clear choices. However, some knowledge of the DOS operating 
systems is helpful for such tasks as copying files, compressing the 
hard drive, etc. PC users will not have a problem with this, but 
Macintosh users will miss their Mac operating system. The only 
computer-related problem encountered with the versions 2.6 
Visagraph software used in this project was that the directory of 
stored subject records could display only the names of 400 records 
and this required the creation of multiple directories and moving 
records from one directory to another. This problem, which was not 
described in the Version 2.6 Visagraph II manuals, has been 
eliminated in newer versions of the software.c 
Output displays were clear and easy to understand. Data are 
presented in numerical form and a graph shows the data converted to 
school grade equivalents by using Taylor norms. (Figure 3) 
Insert Figure 3 (Printout Sample) About Here 
--- .... --- -------------------------- ··--- .. --- -·------------------
1 0 
The display gives fixation, regression, span, and duration data 
for the right and left eyes separately but uses only the data from the 
eye with the most fixations (or most regressions in case of a tie) to 
calculate the remaining values. A summary of the values presented 
by the Visagraph II, the abbreviations for these values that will be 
used in . this paper, and how these values are determined is presented 
on Table 2. 
Insert Table 2 (Values, Abbreviations , and Determinations) About 
Here 
Based on the assumption that the two eyes can have unequal 
numbers of fixations and regressions, correlations between right 
and left eye data are also reported by the Visagraph II. These 
correlations were not analyzed in this study. 
Reliability of Paragraph by Paragraph Data 
To assess the equivalency of the ten Taylor Level 10 
paragraphs, repeated measures analyses of variance (ANOVAs) were 
used to compare the v ,isagraph II data across paragraphs for all 50 
subjects. Means, standard deviations, and ANOVA probability values 
are shown on Table 3. Note that all of the ANOVA comparisons 
except number of Regressions and Direction of Attack show 
significant differences between some of the paragraphs. Post-hoc 
Scheffe testing used a 0.10 probability value 16 indicates which 
paragraphs produce significantly different values. (Table 4) 
Data from paragraph 1 differs from data for several the 
paragraphs read later in the first session and during the second 
1 1 
session. Surprisingly, however, instead of indicating poorer reading 
performance for paragraph 1 (Amundsen), most of the data indicate 
better reading performance as compared to data from subsequent 
paragraphs. The exception to this is the mean percent accuracy on 
the comprehension quiz for paragraph 1 which is the lowest for any 
of the paragraphs. By way of explanation, perhaps the subjects 
changed their reading strategies and slowed their reading rates for 
subsequent paragraphs based on their problems with the paragraph 1 
quiz questions. This finding suggests that at least one practice trial 
must be given to help subjects learn what is expected of them 
before any diagnostic data are recorded. 
Insert Tables 3 (Paragraph by Paragraph Means and ANOVA Results) 
and 4 (Scheffe Post Hoc Test results) About Here 
Data from paragraph 8 (Frank Lloyd Wright) also differ from 
other paragraphs in many of the comparisons. Because of high 
fixation and regression values, the equivalent grade level was the 
lowest for this paragraph, but quiz accuracy was highest. Perhaps 
the subjects found the content of this p~ragraph especially 
interesting, or perhaps the paragraph has a somewhat higher 
conceptual difficulty level. The high quiz scores for paragraph 8 
argue for the former possibility. 
Correlations Between Visagraph II Data Values 
The data values determined by the Visagraph II assess 
different reading parameters but should covary as a function of 
overall reading ability. For example, better readers should make 
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fewer fixations and have longer spans of recognition, shorter 
fixation durations, and fewer regressions. To assess these 
relationships, Spearman rho correlation coefficients were 
calculated using data from all 500 trials. (Table 5) Rho values 
(corrected for ties) were used because scatterplots showed that the 
relationships between many of the variables were nonlinear. The 
nonlinearity is most apparent in comparisons between grade levels 
versus all other variables, fixations versus spans of recognition, and 
fixations versus relative efficiencies. Scatterplots illustrating the 
nonlinear relationships are shown on Figures 4 and 5. 
Insert Table 5 (Correlation Matrix) and 
Figures 4 and 5 (Scatterplots) About Here 
Several trends are evident in the scatterplots. One of the most 
striking is the wide range of data produced by the subjects. What 
was considered to be a group of relatively homogeneous readers 
(first year optometry students) seems in reality to be group of quite 
heterogeneous readers. If the Visagraph II data are valid, some of 
the subjects apparently made more fixations than there were words 
in the paragraphs (i.e., they were monosyllabic perceivers). Beyond 
this, many of them demonstrated a fourth grade or lower reading eye 
movement skills, yet each was capable of graduating from college 
with high grades and surviving most of their first year of optometry 
school. Either the Visagraph II data are not valid for these subjects, 
or the subjects have developed some very effective compensation 
strategies for overcoming their poor reading eye movement skills . 
1 3 
Some of the correlations shown on Table 5 are artifactually 
high because certain of the Visagraph II scores are calculated from 
other scores. For example, relative efficiency is calculated by using 
fixations and regressions, so the high correlations between these 
values are artifactual. 
Span of recognition is also artifactually related to the number 
of fixations in a negative and non-linear manner. This is because 
span is calculated by dividing the number of words read (a constant 
of 100 words in each of the paragraphs) by the number of fixations 
made. Mathematically, any range of numbers divided into a constant 
produces a curve like that shown for the relationship between 
fixations and spans. 
The relationship between equivalent grade level and relative 
efficiency is also artifactually high and nonlinear. The Visagraph II 
uses a. "table look up" routine involving an application of Taylor 
norms to convert from relative efficiency to grade level. Beyond 
about grade level 12, this table produces decreased magnitudes of 
the increments in grade level scores for equal increments in relative 
efficiency. 
Other relationships are also apparent on the scatterplots. For 
example, there is a relatively high positive correlation between 
fixations and regressions. This is consistent with the theory that as 
reading skill increases, the reader makes fewer fixations and fewer 
regressions. With respect to other variables, durations of fixation 
seem almost totally unrelated to any of the Visagraph II parameters. 
Durations, calculated by dividing the total reading time by the 
number of fixations, has a correlation of only 0.06 with fixations. 
1 4 
This suggests that the total reading time must have been quite 
variable for the subjects. 
Finally, percent correct data from the quizzes were 
essentially unrelated to any of the other variables. This is possibly 
due to the restricted range of quiz scores. 
Comparison of Data from the First and Second Sessions 
If the Visagraph II data assesses stable and reliable 
components of reading ability, a comparison of values produced 
during the two measurement sessions should yield high correlation 
and split-half reliability coefficients. (The split-half reliability is 
essentially a correlation coefficient adjusted for the fact that only 
half of the data, i.e., 5 paragraphs, are used for each part of the 
calculation.) 1 6 
Coefficients comparing all 5 paragraphs read during each of 
the sessions and comparing only the last 4 paragraphs read during 
each session are shown on Table 6. The rationale for comparing only 
the last 4 paragraphs is that any "first trial" effects are removed 
from the data. Omitting paragraphs 1 and 6 increases the reliability 
coefficients slightly, again suggesting that at least one practice 
trial should be given before meaningful data are collected with the 
Visagraph II. 
Insert Table 6 (Split-Half Reliability Coefficients) About Here 
With the exception of the quiz data (which the Visagraph II 
manual indicates should be used to determine whether the reading 
data from the paragraph are of acceptable quality), the relatively 
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h i g h  s p l i t - h a l f  c o e f f i c i e n t s  s u g g e s t  t h a t  t h e  V i s a g r a p h  I I  r e l i a b l y  
a s s e s s e s  s e v e r a l  p a r a m e t e r s  a s s o c i a t e d  w i t h  t h e  r e a d i n g  a b i l i t i e s  
o f  t h e  s u b j e c t s  i n  t h i s  p r o j e c t .  
D I S C U S S I O N  
T h i s  p r o j e c t  w a s  d e s i g n e d  t o  e v a l u a t e  t h e  o p e r a t i o n  o f  t h e  
V i s a g r a p h  I I  s y s t e m  a n d  t o  d e t e r m i n e  t h e  r e l i a b i l i t y  a n d  v a l i d i t y  o f  
t h e  d a t a  i t  p r o d u c e s .  
S y s t e m ·  O p e r a t i o n  
W i t h  r e s p e c t  t o  o p e r a t i o n ,  t h e  V i s a g r a p h  I I  p e r f o r m e d  
e s s e n t i a l l y  a l l  o f  t h e  5 0 0  a n a l y s e s  i n  t h i s  p r o j e c t  c o r r e c t l y  a n d  
p r o v i d e d  u s e f u l  d a t a  i n  e a c h  c a s e .  T h i s  i s  a  s i g n i f i c a n t  i m p r o v e m e n t  
o v e r  t h e  3 0 %  a n a l y s i s  f a i l u r e  r a t e  f o r  t h e  O b e r 2  M o d e l  B - 1 2 0 0  e y e  
m o v e m e n t  a n a l y s i s  s o f t w a r e  t h a t  w a s  e v a l u a t e d  p r e v i o u s l y  . 1 5  T h e  
o n l y  o p e r a t i o n a l  p r o b l e m  e n c o u n t e r e d  w i t h  t h e  V i s a g r a p h  I I  V e r s i o n  
2 . 6  s o f t w a r e  u s e d  i n  t h i s  p r o j e c t  w a s  a n  i n a b i l i t y  t o  s e e  t h e  n a m e s  
o f  m o r e  t h a n  4 0 0  d a t a  r e c o r d s  a t  a  t i m e  i n  t h e  c o m p u t e r  s t o r a g e  
d i r e c t o r y  l i s t i n g ;  t h i s  p r o b l e m  h a s  b e e n  c o r r e c t e d  i n  s u b s e q u e n t  
s o f t w a r e  v e r s i o n s . b  
R e l i a b i l i t y  
R e l i a b i l i t y  i s  d e f i n e d  a s  t h e  a b i l i t y  o f  a  s y s t e m  t o  p r o d u c e  
s i m i l a r  o u t p u t s  w h e n  s i m i l a r  i n p u t s  a r e  p r e s e n t e d .  I n  t h i s  p r o j e c t ,  
t h e  r e l i a b i l i t y  o f  b o t h  i n t e r - p a r a g r a p h  a n d  i n t e r - s e s s i o n  d a t a  w e r e  
d e t e r m i n e d .  I n  a  p r e v i o u s  s t u d y  u s i n g  t h e  O b e r 2  M o d e l  B - 1 2 0 0  e y e  
m o v e m e n t  a n a l y s i s  s y s t e m ,  r e l i a b i l i t y  c o m p a r i s o n s  o f  t h e  T a y l o r  
L e v e l  1 0  p a r a g r a p h s  s h o w e d  a  m e a n  2 . 9  y e a r  e q u i v a l e n t  g r a d e  l e v e l  
d i f f e r e n c e  b e t w e e n  p a r a g r a p h s  4  ( J o h n  R o e b l i n g )  a n d  6  ( C l a r e n c e  
D a r r o w )  f o r  d a t a  f r o m  5 0  o p t o m e t r y  s t u d e n t s . 1 5  F o r  u n k n o w n  
1  6  
r e a s o n s ,  t h i s  p a t t e r n  w a s  n o t  s e e n  i n  t h e  p r e s e n t  s t u d y .  G r a d e  l e v e l  
e q u i v a l e n t  d a t a  f r o m  t h e  R o e b l i n g  a n d  D a r r o w  p a r a g r a p h s  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t ,  b u t  v a r i o u s  s c o r e s  f r o m  o t h e r  p a r a g r a p h s  
w e r e .  N o  p a r t i c u l a r  p a t t e r n  i n  t h e  s i g n i f i c a n t  d i f f e r e n c e s  w a s  
o b s e r v a b l e  e x c e p t  t h a t  r e a d i n g  s c o r e s  f r o m  p a r a g r a p h  1  w e r e  
s i g n i f i c a n t l y  b e t t e r  t h a n  c o m p a r a b l e  s c o r e s  f r o m  p a r a g r a p h s  r e a d  
l a t e r .  T h i s  i n d i c a t e s  t h e  n e e d  f o r  a t  l e a s t  o n e  w a r m - u p  p a r a g r a p h  t o  
b e  p r e s e n t e d  a l o n g  w i t h  f e e d b a c k  f r o m  t h e  q u i z  q u e s t i o n s  b e f o r e  
r e l i a b l e  d a t a  c a n  b e  c o l l e c t e d .  T h e  s c a t t e r e d  d i f f e r e n c e s  b e t w e e n  
s c o r e s  f r o m  t h e  1  0  p a r a g r a p h s  a l s o  i n d i c a t e s  t h e  n e e d  t o  u s e  
s i g n i f i c a n t  c a u t i o n  w h e n  i n t e r p r e t i n g  s m a l l  d i f f e r e n c e s  i n  r e a d i n g  
s c o r e s  f o r  i n d i v i d u a l  s u b j e c t s .  
I n t e r - s e s s i o n  r e l i a b i l i t y  w a s  a s s e s s e d  b y  u s i n g  s p l i t - h a l f  
c o e f f i c i e n t s .  T h e  f a c t  t h a t  t h e s e  c o e f f i c i e n t s  w e r e  q u i t e  h i g h  
d e m o n s t r a t e s  t h a t  t h e  v a l u e s  p r o v i d e d  b y  t h e  V i s a g r a p h  I I  a r e  
i n d i c a t o r s  o f  r e l a t i v e l y  s t a b l e  r e a d i n g  e y e  m o v e m e n t  s k i l l s ,  a s  
o p p o s e d  t o  s k i l l s  t h a t  m i g h t  f l u c t u a t e  d a y  b y  d a y .  
V a l i d i t y  
T h e  v a l i d i t y  o f  a  s c o r e  i s  d e t e r m i n e d  b y  t h e  d e g r e e  t o  w h i c h  i t  
a c t u a l l y  m e a s u r e s  w h a t  i t  p u r p o r t s  t o  m e a s u r e .  I t  i s  p o s s i b l e  f o r  a  
t e s t  t o  p r o d u c e  v e r y  r e l i a b l e ,  b u t  i n v a l i d ,  d a t a .  F o r  e x a m p l e ,  i f  t h e  
h e i g h t  o f  a  p e r s o n  i s  m e a s u r e d  r e p e a t e d l y  w i t h  a  r u l e r  t h a t  h a d  b e e n  
m i s - m a r k e d  s o  t h a t  e a c h  i n c h  d i v i s i o n  i s  o n l y  0 . 7 5  i n c h  i n  l e n g t h ,  
t h e  m e a s u r e m e n t s  c o u l d  b e  v e r y  r e l i a b l e  ( i . e . ,  r e p e a t a b l e )  b u t  n o t  
v a l i d .  T h e  n u m b e r s  w o u l d  n o t  r e p r e s e n t  t h e  t r u e  h e i g h t  o f  t h e  p e r s o n  
a s  w o u l d  h a v e  b e e n  d e t e r m i n e d  b y  u s e  o f  a  " g o l d  s t a n d a r d "  p e r f e c t  
r u l e r .  
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I n  t h e  c a s e  o f  d a t a  f r o m  t h e  V i s a g r a p h  I I ,  t w o  t y p e s  o f  v a l i d i t y  
c a n  b e  c o n s i d e r e d .  T h e  f i r s t  i n v o l v e s  d e t e r m i n i n g  w h e t h e r  t h e  
n u m b e r s  r e p r e s e n t i n g  e y e  m o v e m e n t s  ( e . g . ,  f i x a t i o n s ,  r e g r e s s i o n s ,  
e t c . )  a c c u r a t e l y  r e p r e s e n t  t h e  a c t u a l  e y e  m o v e m e n t s  m a d e .  I n  o t h e r  
w o r d s ,  d i d  t h e  c o m p u t e r  s y s t e m  m a k e  a n  a c c u r a t e  c o n v e r s i o n  o f  t h e  
r a w  e y e  m o v e m e n t  d a t a  t o  t h e  i d e a l i z e d  t r a c e ,  a n d  t h e n  d i d  i t  
a n a l y z e  t h e  i d e a l i z e d  t r a c e  a c c u r a t e l y ?  U n f o r t u n a t e l y ,  t h e r e  i s  n o  
a b s o l u t e  w a y  t o  d e t e r m i n e  t h i s  b e c a u s e  n o  g o l d  s t a n d a r d  e y e  
m o v e m e n t  d a t a  w e r e  d e t e r m i n e d  a l o n g  w i t h  t h e  V i s a g r a p h  I I  d a t a .  
T h e  s e c o n d  t y p e  o f  v a l i d i t y  i n v o l v e s  t h e  d e g r e e  t o  w h i c h  t h e  
d e r i v e d  s c o r e s ,  e . g . ,  g r a d e  e q u i v a l e n t s ,  a c t u a l l y  r e p r e s e n t  t h e  
i n h e r e n t  r e a d i n g  a b i l i t i e s  o f  t h e  s u b j e c t s .  T h i s  i s s u e  c a n  b e  
a p p r o a c h e d  b y  c o n s i d e r i n g  t h e  i m p l i c a t i o n s  o f  t h e  d a t a  p r o d u c e d  b y  
t h e  V i s a g r a p h  I I  · a n d  b y  c o m p a r i n g  t h e  d a t a  t o  r e a d i n g  a b i l i t i e s  a s  
m e a s u r e d  b y  a  s t a n d a r d i z e d  t e s t .  
I f  t h e  V i s a g r a p h  d a t a  a r e  b o t h  r e l i a b l e  a n d  v a l i d ,  i t  i s  ·  
n e c e s s a r y  t o  a c c e p t  t h e  f a c t  t h a t  t h e  a v e r a g e  f i r s t  y e a r  o p t o m e t r y  
s t u d e n t  m a d e  s e p a r a t e  f i x a t i o n s  o n  9 4  o f  t h e  1  0 0  w o r d s  i n  e a c h  
p a r a g r a p h  a n d  m a d e  m o r e  f i x a t i o n s  t h a n  t h e r e  w e r e  w o r d s  i n  
p a r a g r a p h  8 .  ( T a b l e  3 )  ( I n  p a r t  t h i s  c o u l d  b e  c a u s e d  b y  t h e  f a c t  t h a t  
t h e  t y p i c a l  s t u d e n t  n e e d e d  t o  m a k e  a b o u t  o n e  r e g r e s s i o n  o n  e a c h  l i n e  
o f  t h e  1 0  l i n e  p a r a g r a p h . ) .  I t  i s  a l s o  n e c e s s a r y  t o  a c c e p t  t h e  f a c t  
t h a t  a l t h o u g h  t h e  a v e r a g e  s t u d e n t  h a d  r e a d i n g  e y e  m o v e m e n t  s k i l l s  
a t  a b o u t  a n  1 1 t h  g r a d e  l e v e l ,  o n  r a n d o m  p a r a g r a p h s  s o m e  o f  t h e  
s t u d e n t s  h a d  e y e  m o v e m e n t s  t h a t  c o r r e s p o n d e d  t o  s k i l l  l e v e l s  b e l o w  
4 t h  g r a d e .  ( F i g u r e  5  )  S i n c e  a l l  s u b j e c t s  h a d  r e a d i n g  a b i l i t i e s  t h a t  
w e r e  s u f f i c i e n t  t o  g r a d u a t e  f r o m  c o l l e g e  w i t h  h i g h  g r a d e s  a n d  
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s u r v i v e  a t  l e a s t  o n e  r e a d i n g - i n t e n s i v e  s e m e s t e r  i n  o p t o m e t r y  
s c h o o l ,  q u e s t i o n s  c a n  b e  r a i s e d  a b o u t  t h e  v a l i d i t y  o f  t h e  s c o r e s  f r o m  
s o m e  o f  t h e  p a r a g r a p h s .  
A s  a  s e c o n d  i n d i c a t o r  o f  w h e t h e r  t h e  V i s a g r a p h  I I  s c o r e s  a r e  
v a l i d  i n d i c a t o r s  o f  r e a d i n g  a b i l i t y ,  t h e  s c o r e s  c a n  b e  c o m p a r e d  t o  
s c o r e s  f r o m  t h e  s t a n d a r d i z e d  R e a d i n g  C o m p r e h e n s i o n  S u b  T e s t  o f  t h e  
O p t o m e t r y  A d m i s s i o n s  T e s t  ( O A T ) .  T h i s  t e s t  w a s  t a k e n  b y  a l l  o f  t h e  
s u b j e c t s  a p p r o x i m a t e l y  o n e  y e a r  b e f o r e  V i s a g r a p h  I I  t e s t i n g .  I t  
c o n s i s t s  o f  c o m p r e h e n s i o n  q u e s t i o n s  b a s e d  o n  a  s e l e c t i o n  o f  
s c i e n t i f i c  w r i t i n g  t h a t  m u s t  b e  r e a d  i n  a  f i x e d  t i m e  p e r i o d .  
A s  i n d i c a t e d  o n  T a b l e  7 ,  t h e  S p e a r m a n  r h o  c o r r e l a t i o n s  
b e t w e e n  O A T  a n d  V i s a g r a p h  I I  s c o r e s  w e r e  l o w  a n d  n o n - s i g n i f i c a n t  
e x c e p t  f o r  f i x a t i o n  d u r a t i o n s  a n d  p e r f o r m a n c e  o n  t h e  c o m p r e h e n s i o n  
q u i z .  T h e  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  V i s a g r a p h  I I  a n d  O A T  
c o m p r e h e n s i o n  s c o r e s  s u g g e s t s  t h a t  b o t h  i n d e x  a  s i n g l e  t r a i t  t h a t  
t h e  s u b j e c t s  p o s s e s s  ( i . e . ,  t h e  a b i l i t y  t o  a n s w e r  c o m p r e h e n s i o n  
q u e s t i o n s ) .  T h e  l a c k  o f  c o r r e l a t i o n  w i t h  o t h e r  V i s a g r a p h  I I  s c o r e s  
( e x c e p t  d u r a t i o n  o f  f i x a t i o n s )  s u g g e s t s  t h a t  c o m p r e h e n s i o n  a b i l i t y  i s  
r e l a t i v e l y  u n r e l a t e d  t o  t h e  e y e  m o v e m e n t  s k i l l s  u s e d  d u r i n g  r e a d i n g  
p a r a g r a p h s .  T h i s  i s  a l s o  d e m o n s t r a t e d  b y  t h e  f a c t  t h a t  n o n e  o f  t h e  
e y e  m o v e m e n t - r e l a t e d  V i s a g r a p h  I I  s c o r e s  c o r r e l a t e  s i g n i f i c a n t l y  
w i t h  t h e  V i s a g r a p h  I I  p a r a g r a p h  c o m p r e h e n s i o n  t e s t  s c o r e s .  F u r t h e r  
s t u d i e s  a r e  u n d e r w a y  t o  a d d r e s s  t h i s  i s s u e .  
I n s e r t  T a b l e  7  ( O A T  v e r s u s  V i s a g r a p h  ·I I  S c o r e  C o r r e l a t i o n s )  A b o u t  
H e r e  
1  9  
I n  s u m m a r y ,  t h e  o b j e c t i v e ,  c o m p u t e r i z e d  n a t u r e  o f  V i s a g r a p h  I I  
t e s t i n g  w i l l  h a v e  a p p e a l  f o r  b o t h  u s e r s  a n d  p a t i e n t s  a s  a  m e a n s  o f  
d i a g n o s i n g  r e a d i n g  p r o b l e m s  a n d  m o n i t o r i n g  t h e r a p y  r e s u l t s  s o  l o n g  
a s  m o r e  p r e c i s i o n  a n d  r e l i a b i l i t y  t h a n  t h e  i n s t r u m e n t  ( o r  t h e  e y e  
m o v e m e n t s  t h e m s e l v e s )  c a n  p r o v i d e  i s  n o t  e x p e c t e d .  
2 0  
A c k n o w l e d g m e n t s  
W e  t h a n k  T a y l o r  A s s o c i a t e s b  f o r  s u p p l y i n g  t h e  V i s a g r a p h  I I  
~sed i n  t h i s  s t u d y  a n d  f o r  r e s p o n d i n g  t o  s e v e r a l  t e c h n i c a l  q u e s t i o n s  
a b o u t  i t s  u s e .  T a y l o r  A s s o c i a t e s  d i d  n o t  i n f l u e n c e  t h e  d e s i g n  o f  t h e  
s t u d y  n o r  t h e  r e p o r t i n g  o f  t h e  o u t c o m e .  N o n e  o f  t h e  a u t h o r s  h a v e  a n y  
f i n a n c i a l  i n t e r e s t  i n  T a y l o r  A s s o c i a t e s  o r  a n y  o r g a n i z a t i o n  
a s s o c i a t e d  w i t h  p r o d u c t i o n  o r  m a r k e t i n g  o f  t h e  V i s a g r a p h  I I .  D r .  
Y o l t o n  s e r v e s  a s  a n  s c i e n t i f i c  a d v i s o r y  b o a r d  m e m b e r  f o r  a  n o r m i n g  
s t u d y  b e i n g  c o n d u c t e d  b y  T a y l o r  A s s o c i a t e s ;  h e  i s  n o t  c o m p e n s a t e d  
f o r  t h i s  s e r v i c e .  
C o r r e s p o n d i n g  A u t h o r  
R o b e r t  L .  Y o l t o n ,  O . D . ,  P h . D .  
P a c i f i c  U n i v e r s i t y  
C o l l e g e  o f  O p t o m e t r y  
F o r e s t  G r o v e  O R  9 7 1 1 6  
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Footnotes 
a. Pacific University College of Optometry, Forest Grove OR 97116. 
b. The Visagraph II is available from Taylor Associates, 200-2 East 
2nd St., Huntington Station, NY 11746; Phone 1-800-732-3758. As 
of February 1997, the price of the Visagraph II System with Version 
2.10 software was $3,125. This price does not include the PC-
compatible computer required to operate the system. 
c. Personal communication in March 1997 with Kurt Nystrom, 
Compevo AB, developer of the Visagraph software, indicates that . 
this problem has been fixed and that current program versions (e.g., 
Version 2.1 0) allow directory display of up to 65,000 record names. 
22 
References 
1. Young LR, Sheena D. Survey of eye movement recording methods. 
Behav Res Methods lnstrum 1975;7: 397-429.1. Ciuffreda KJ, 
Tannen B. Eye movement basics for the clinician. St. Louis: 
Mosby, 1995. 
2. Taylor SE, Frackenpohl H, Pettee, JL. Grade level norms for the 
components of the fundamental reading task. Research and 
Information Bulletin #3. Huntington NY: Educational 
Developmental Laboratories, Inc., 1960. 
3. Richman JE, Garzia RP. Eye movements and reading. In: Garzia R, 
ed. Vision and reading. St Louis: Mosby, 1996: 133-48. 
4. Olson R, Kliegl R, Davidson B. Eye movements in reading 
disability. In: Rayner K, ed. Eye movements in reading. New 
York: Academic Press, 1983: 467-79. 
5. Gilbert L. Functional motor efficiency of the eyes and its 
relation to reading. Univ Cal Publ Educ 1953; 11: 159-231. 
6. Pavlidis G. Eye movements in dyslexia: their diagnostic 
significance. J Learn Disab 1985; 18(1 ): 42-50. 
7. Stark L, Giveen S, Terdiman J. Specific dyslexia and eye 
movements. In: Stein J. ed. Vision and visual dyslexia, vol 13. 
Boca Raton, FL, CRC Press, 1991: 203-32. 
8. Rayner K. The perceptual span and eye movement control during 
reading . In: Rayner K, ed. Eye movements in reading. New York, 
Academic Press, 1983: 97-120. 
9. Elterman R, Abel L, Daroff R, et al. Eye movement patterns in 
dyslexic children. J Learn Disab 1980; 13: 11-16. 
23 
10. Rayner K. Eye movements in reading and inform~tion processing. 
Psycho! Bl:JII 1978; 85: 618-60. 
11. Rubino C, Minden H. An analysis of eye movements in children 
with a reading disability. Cortex 1973; 9: 217-20. 
12. Laukkanen HRV. Eye movements in reading. In: Barber A, ed. 
Vision therapy: pursuits and saccades. Santa Ana CA: 
Optometric Extension Foundation Inc., 1995: 41-84. 
13. Olson R, Kliegl R, Davidson B. Eye movements in reading 
disability. In: Rayner K, ed. Eye movements in reading. New 
York: Academic Press, 1983: 467-79. 
14. Taylor SE, Morris HF, White CE. Visagraph II test booklet. 
Huntington Station, NY: Taylor Associates, 1996. 
15. Koenig GS, Price NC, Baird ML, Laukkanen HR, Yelton RL. Use of 
the Ober2 Model 8-1200 system for analysis of eye movements 
made during reading. J Amer Optom Assoc 1997: In press. 
16. Ferguson GA. Statistical analysis in psychology and education. 
New York: McGraw Hill, 1981: 309. 
16. Bruning JL, Kintz BL. Computational handbook of statistics. 
Glenview, IL: Scott, Foresman 1968: 187-8. 
24 
I 
Table 1. Name identifications for standard Taylor College Level 10 
paragraphs. 
Paragraph Reference Names for Taylor Level 10 (College) 
Number Paragraphs 
1 Amundsen 
2 Houdini 
3 Braille 
4 John Roebling 
5 Dorothea Dix 
6 Clarence Darrow 
7 Paganini 
8 Frank Lloyd Wright 
9 Sir Ernest Shackleton 
1 0 Clara Barton 
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Table 2. Names, abbreviations, and definitions of data produced by 
the Visagraph. 
Name and Abbreviation Measurement Qr Qalculation 
Fixations (FIX) Number of eye pauses per .1 00 
words read. 
Regressions (REG) Number of significant right to 
'left eye movements (excluding 
return sweeps) per 100 words 
read. 
Span of Recognition (SPAN) Number of words read divided by 
the number of fixations made. 
Duration of Fixation (OUR) Total reading time in seconds 
divided by number of fixations 
made. 
Reading Rate with Reading rate in words per minute 
Comprehension (RATE WITH determined for all lines in the 
COMP) paragraph excluding the first and 
last. 
Direction of Attack (DIR Number of Regressions divided 
ATTACK) by number of Fixations. 
Relative Efficiency (REL EFFIC) Reading rate in words per minute 
divided by the sum of Fixations 
plus Regressions. 
Reading Rate Adjusted for Reading rate in words per minute 
Rereading (ADJ READ RATE) excluding any lines or parts of 
lines that are reread. 
Percentage Correct on Quiz Percentage of correct answers 
(%COR) given to 1 0 question 
comprehension quiz given after 
paragraph has been read. 
Grade Level Equivalent (GRADE) An equivalent academic grade 
ranging from 1 to 18 determined 
by converting the Relative 
Efficiency to a Grade Level 
Equivalent using norms provided 
by Taylor. This is a nonlinear 
conversion. 
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Table 3. Mean values and standard deviations (in parentheses) for data from Visagraph for each 
h. Overall means tor all oaraaraohs and o values based ANOVAs are also sh 
f\) 
-.....j 
PARAGRAPH 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
Overall 
mean 
ANOVA 
p value 
FIX 
85.6 
(24. 1} 
94.6 
(37.3) 
91.2 
(24 .3) 
90.0 
(25.4) 
91.3 
(31.4) 
94.9 
__{_22.71 
96.2 
J25.3J 
102.4 
{24.2} 
98.5 
(24.1) 
97.0 
__{_28.0_1 
94.18 
(27 .2j_ 
< 0.001 
F£G SPAN OUR 
8.3 1.25 - 0.28 
( 9. 1} {0.32} {0.05) 
11.4 1. 17 0.29 
( 11. 9) J0.34} (0.05) 
9.9 1.18 0.29 
_(8.4) (0.32) (0.05) 
9.7 1.18 0.28 
(7.6) 
__{_0.28) 
__{_0.05) 
10.4 1.23 0.28 
(11.0) J0.34) (0.05) 
10.0 1.12 0.26 
(9.3) 
__{_0.261 {0.05) 
10.8 1. 16 0.26 
{8.7} (0.53 {0.04} 
11.9 1.03 0.26 
(8.8} (0.24) (0.04) 
11.0 1.07 0.26 
(8.8) 
_(_0.25) j0.04J 
10.1 1. 11 0.26 
J7 .4) (0.28) (0.04) 
10.34 1.15 0.27 
_(_9.~) (0.33) (0.05) 
0.19 < 0.001 < 0.001 
RATE DIR REL ADJ 
WITH ATIACI< EFFIC READ %COR GR£IDE 
CCMP RATE 
268.9 8.94 3.36 280.2 71.8 12.20 
(77.0) (6.91) (1.86_1 (71.9) (18.3) (3.27) 
246.3 10.58 2.89 259.8 74.2 10.99 
__{_84.4) (6.36) ( 1 .86_1 (87.3) {18.8} (3.89) 
249.8 10.08 2.90 269.0 76.4 11.03 (77.1) (6.34) ( 1 . 65_1 (72.1) {16.3) (3.87) 
255.4 10.16 2.91 273.4 82.8 11-39 (78.7) (6.13) (1.651 (75.9) (14.LI) (3.71) 
259.3 10.16 3.10 280.9 . 75.6 11.33 (92.2) (6.79) ( 1 . 94) (84.8) (14.9) (4.11) 
259.8 9.84 2.81. 278.9 75.8 11.38 
{73.3} (6.591 (1.43} (65.8) (13.6) (3.3.6) 
255.1 10.66 2.74 277.6 83.4 11. ·t 2 
(72.9) ( 6.69) (1.40) (7 4.1) (12.9) (3.76} 
254.4 10.96 2.48 280.2 88.6 10.32 
(77 .11 . {7.00} ( 1 .481 (77 .1) (10.5J (3.811 
250.3 10.28 2.63 263.5 79.4 10.84 
_(_75.3) (6.60_} (1.49) (72.8) (13.0) (3.62) 
258.6 10.14 2.83 282.0 86.0 11.06 (83.7) (6.04_1 p .68} (76.0) {7 .6) (3.78) 
254.9 10.18 2.82 274.5 79.4 11. 1 7 (79.0) (6.52j_ {1.65) 
_{75. 7) (15.2) (3.72) 
0.026 0.49 < 0.001 0.004 <: 0.001 < 0,001 
1\) 
co 
" 
Table 4. Scheffe post-hoc test results. Comparisons shown indicate significant differences at 
the p < 0.10 level. 
RATE DIR REL AOJ I 
FIX FEG SPAN OUR WITH ATTACI< EFFIC READ %COR GRADE I 
CCMP RATE 
1 vs 8-10 None 1 vs 0, 9 1 vs 6-10 None None 1 vs 8 None 1 vs 4 • 7, B, 1 0 1 vs 8 
5 vs 8 2 vs 6-10 1 vs 9 2 vs 8, 10 
3 vs 6-10 3 vs 8 
4 vs 6-10 5 vs 8, 10 
L___________ 
5 vs 6-10 6 vs ~. 10 
1\) 
<0 
Table 5. Correlation matrix for data from the 500 trials for all subjects and paragraphs. All 
lation values are Soearman rho coefficients that have been corrected t 
__L 
RATE DIR AEL ADJ 
FIX FL-G SPAN aJR WITH ATIACI< EFFIC READ %COR GRADE 
COvP RATE 
FIX 1.00 
R::-G 0.73 1.00 ---
-SPAN 
-0.94 -0.72 1.00 ---- - -· ~ . -- ·~------
. 
WR 0.13 0.37 -0. 13 1.00 
RATE 
WITH -0.85 -0.77 0.85 -0.59 1.00 
CONP 
DIA 0.55 0.96 -0.55 
ATTACI< 
0.42 -0.66 1.00 ... ··--· ~--- --···--- --
----REL 
-0.94 -0.82 0.93 -0.40 0.96 -0.68 1.00 
EFFIC 
ADJ 
READ 
-0.78 -0.65 0.77 -0.56 0.92 -0.54 0.88 1.00 RATE 
%COR 0.16 0.03 -0.16 -0.10 
-0.07 
-0.02 -0.10 -0.05 1.00 
GRADE 
-0.95 -.082 
-0.94 -.039 0.97 -0.68 1.00 0.89 -. 01 0 1.00 
-
w 
0 
I 
I 
Table 6. First to second _ session correlation and split-half reliability coefficients for all 
paragraphs and coefficients calculated by omitting data from paragrapt1s 1 and 6. This omission 
was done to eliminate any "first trial" effects in each session. 
ALL PARAGRAPHS OMIT PARAGRAPHS 1 AND 6 
CORRELATION SPLIT-HALF CORRELATION SPLIT-HALF 
COEFFICIENT RELIABILITY COEFFICIENT RELIABILITY 
FIX 0.59 0.7tl 0.61 0.76 
F£G 0.55 0.71 0.56 0.72 
. 
SPAN 0.52 0.69 0.52 0.69 
DJR 0.69 0.82 0.72 0.84 
RATE WITH COMP 0.78 0 .88 0.81 0.90 
DIR ATTACK 0.61 0.76 0.63 0.77 
REL EFFIC 0.71 0.83 0 .75 0.86 
ADJ READ RATE 0.77 0.87 0.79 0.88 
%COR 0.15 0.26 0.15 0.26 
GRADE 0.71 0.83 0.72 0 .85 
-------
Table 7. Spearman rho correlation coefficients for OAT Reading 
Comprehension Sub Test scores versus Visagraph II scores. 
Probability values indicate whether the correlation coefficient is 
significantly different from zero. 
OAT SQore versus: Sgearmg,n rho Probabilit:t vatu~ 
FIX -0.14 p > 0.05 
FEG -0.20 _Q > 0.05 
SPAN 0.13 p > 0.05 
OUR -0.36 _Q< 0.05 (Significant) 
RATE WITH COMP 0.25 p > 0.05 
DIR ATIACK -0.20 p > 0.05 
RELEFFIC 0.22 p > 0.05 
ADJ READ RATE 0.26 _Q > 0.05 
GRADE 0.20 p_ > 0.05 
%COR 0.40 p < 0.05 (Significant) 
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Figure Legends 
Figure 1. Visagraph II system showing goggles and computer 
connection box. 
Figure 2. Subject wearing Visagraph II goggles reading Taylor 
paragraph. 
Figure 3. Example output page printed by Visagraph II system. 
Figure 4. Scatterplots for Visagraph II data showing relationships 
of other variables to fixations. 
Figure 5. Scatterplots for Visagraph II data showing relationships 
of other variables to grades. 
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Figure 1 
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Figure 2 
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